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“In science, as with most things in life, it’s amazing what we can achieve when we work
together. My experience of nuclear research has been that we need only apply ourselves
In concert to uncover the infinite, minuscule mysteries of the universe.”

Antonino Zichichi, 2009

Bridge between nuclear Science communities
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“The Karlsruhe Nuclide Chart is frequently
used as a ready reference material. This chart is
also an invaluable teaching aid to explain the
nuclear properties to students. I am happy to
share that the Indian Association of Nuclear
Chemists and Allied Scientists (IANCAS), [...]
has been using this wonderful chart in teaching
nuclear chemistry to the high school students in
workshops with great degree of success. Besides
this, the nuclide chart is a familiar feature in
many a research nuclear science laboratory in
BARC.”

Srikumar Banerjee,
Bhabha Atomic Research Centre, Mumbali
(India)
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Made by teachers
More than 350000 copies sold over 50 years = Impact?

Widespread applications of Nuclear data and nuclear techniques
Carbon dating or Astrophysics: Where we come from?

Knowledge dissemination and scientific popularization

=» Unpredicted and
unexpected facts =

’
ESRFANTASTIONES

Solar eruption and Cosmic Rays
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" Physics is an incredible rich discipline: it not only provides us with the basic
understanding of the laws of nature, it also provides the basis of most of
modern high-technology.”

Abdus Salam, The New Physics, 1998

= Particle trajectories =» Nuclear reactions =» Dating

Solar eruption and Earth magnetic field NGC 3184 in the constellation
Ursa Major Gruaud-Larose expertise
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Description of Atomic and Subatomic systems

®» Electronic structure of the atoms

= Proton and neutron system i e
® Parton (Quark) structure v
Stardust? “Its ultimate acceptance took well over a decade
o _ and occurred only after inescapable and compelling
Natural and artificial nuclides experimental evidence.” J.1. Friedman
1900 l . 1950 l l 2000
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=» Quarks “up” and “down”
protons and neutrons

=» | eptons
electrons and neutrinos

= Additional quarks: hypernuclides with strange quarks

=» Antiparticles: Antimatter?
= Missing mass of the Universe: Dark Matter? SUSY?
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EmisstnnN[;au Emissiunmﬁu;au The B decay COnSiStS
in the co-emission
of a lepton and a

Y | \ Y | neutrino

ot N
. Ankineutring _ Meutring
Electron Positron
Movau avec _ Moyau avec _ T —
un neutron en moins un prokon &n moins
et un proton en plus et un neutron en plus

o MNeutron o Protaon @ Particules béta {électron ou positron), neutrino, antineutring

The a decay consists in the
emission of a He nucleus (2p
and 2n)

Mavrau (radioactif cu non)
aveC deux protons ek
dew neutrons en mains
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Becquerel

- liot-Curi t-
photographic plate Joliot-Curies set-up

=» Beam development B,
RIB

= Detection technigues
Multidetectors

GSI (Storage Ring)
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0.1 A proton R \ proton Y
t. T L /'/electron w " electron
Q E - E T 4
l ? = " anti-neutrino
0.1
neutron neutron
Super-allowed beta decay:
CKM matrix test N proton electrog N du electron
- v
LU _,—’J' L v
_ E :'/‘l":-' . E ,_{.:-:"' .
VA ) ) - anti-neutrino anti-neutrinoj
3 - Y e le
‘*\? \/ N t/" / ; boson W- boson W-
ny \”2/ nl“‘r;]*m—nz neutron
u d d
2v Ov
®» Double beta decay =» Non pre-existing partlcle

= Beta decay of ionized nuclides

“neutrinoless” -
= Beta delayed emissions
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A century of Nuclear Sciences
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» H.Becquerel 1896, discovery
of radioactivity

» Mendeleyev table 1869,
Chemical properties, Mass
Number
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| » \With Curie, Rutherford, Fermi,
Hahn, Wigner, Bohr, knowledge of
- the nucleus structure

» Soddy, Moseley, De Hevesy,
isotopes

| -

ACC)

L L
1\

change

Nass

—
L
5

Units

Relotive no.of negative electrons H Moseley

Radio-elements and Periodic Law. The neutron was not discovered yet.
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Nuclide : A type of atom specified
by its atomic number, Z, mass Isobars Isotone
number, A, and energy state.

49

8

Isotopes : meaning at the same

place in the periodic table » solopes — - L sotope
nuclides with same Z. 7

“ n
Isotones : nuclides with the same 9

N (=A-7) 60 62 64 66 | 68 0w
( ) \ Isobare

Isotones

Isobars : nuclides with the same
A.
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Representation of nuclides in a
proton/neutron map system (Fea 1935,
Seaborg, 1940, Segre 1945)

_ "zﬂ* g .,g,
L
g Sens _‘ii
HEEadi S anuse
- _1_-" - d, .i‘g
" l"'J‘ =l
Laut uEE
WL ‘Ja iy E. Fermi and E. Segre
Moo Emi » Segre chart: Exploration of the

Chart done in the Fermi team
with the production of artificial
nuclides

G.T. Seaborg, 1951
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nveR | MEW CHART OF THE ELEMENTS

HELTRON Zeichenerklirungen zu den Tafeln

Popular Science, March 1948
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“Recent experiments indicate that a
trace of radioactive carbon 14 is
normally present in the human body”



B JRC “Karlsruher Nuklidkarte” “itu

EUROPEAN COMMISSION Feneuraniue

ITU Karlsruhe on 11t May 2009- RF Presen tation

:
‘ ,
1,
-

W. Seelmann-Eggebert

“El profesor aleman”
Wall of “Nuclear knowledge” in FZK

» 1958 first edition of the “Karlsruher Nuklidkarte” W. Seelmann-Eggebert
and G. Pfennig from the Karlsruhe Radiochemical Institute.

® 267 stable and 1030 radionuclides for 4 decay modes
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Since the first edition from 1958 to
2008, 7 authors had worked on the
different editions.

G. Pfennig and W. Seelmann-Eggebert, the first two authors
of the Karlsruher Nuklidkarte with G.T. Seaborg, Nobel
Prize winner 1951

wd | :
L - B
g — i - "

H. Klebe-Nebenius, G. Pfeﬂnig and H. Miinzel

G. Zlindel took part to the 2nd edition (1961).

f\

J. Galy, J. Magill, G. Pfennig (2008)
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19

Number of Nuclides for the 7th edition: 2962 ground states and 692 isomers
Progress in nuclear structure knowledge
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l"’f---
2500 |- - -
.-'-- [
-
2000 | - .
.f'/f
=
1500 | - E
"
1000

1950 1960 1970 1980 1930 2000 2010
Year of Publication

®» Between the first edition and the 7th
edition the number of nuclides has
increased from 1300 to 3000.
Theoretical predictions are
expecting 6000 possible ground-
state nuclides

Number of Nuclides in the KN editions
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55Cs 137 N— Information about decay Is synthesized
— T2+ - - - -
In a diagram where you can indicate
the main characteristics

A 0.51194.4%)

:1555;: 137Tm (2.55 m) -
B 1'”3-.':5'5%:' Q=0.511 Mey
vone Colours #® Decay Modes
| A2+
96Ba 137 {Stable)

2=1.173 Me¥
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2p radioactivity:

Short-life nuclides: ®Be, 8C, 120, 1°Ne, ...
Excited States (Isomers): 94M2Ag; ...
Pure 2p radioactivity: “°Fe, 48Ni, °4Zn, ...

Direct observation of 2p in 45Fe:

M. Pfutzner, et al., Eur. Phys. J. A 14, 279 (2002).
J. Giovinazzo, et al., Phys. Rev. Lett. 89, 102501 (2002).

Fe 45

Additional Bnp modes

K. Miernik, et al., Phys.Rev. C 76, 041304
(2007)

Images courtesy of M. Pfutzner .
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beta decay on both sides .
_g roton -:IEIIHE
g Known nuclei
Sc 39
<300 ns
Stable nuclei
P
He 7 MNeutron dripline
29-1072%'s
Neutron number N
n

When number of protons or neutrons are too important ®unbound nuclides
Undiscovered nuclides up to these driplines
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» Element up to 118 (Ununoctium)
Element 117 has not yet be discovered.

No 254 Uuo 294 S I sl
0.28 s 55s 18 ms . = 1=;T-1;-'.' e
wl = -.;_ e — e
. o B - K E
|-|,| ﬂ'.1155 - 2 “: a

=» Element up to 102 (Nobelium)
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New full chart soon available

2010: 8th edition
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ey O, Plenmig, C bnrma | Mg, T Pesghdes

Karlsruher Nuklidkarte
Commemoration of the o .ﬂu.|1.'|'|:I'l.|'u1.l.r:|I
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50 years of mapping the nuclear landscape

= History

= Experimental developments
= Quarks and nuclei

= Beta decay and neutrinos
= Elements and nuclides

= Nuclear Data

= Applications
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Nuclide Chart

An important tool for
nuclear screntists

Choice of the database & of
the physics/colour
scheme

Use of Nucleonica to give
access to related
information

More information at
www. karilsruhenuclidechart.net

Nucleonica Wiki Webpage

Translations

Il discussion el Filsbony FTIOeS wwealch

Help:Karlsruhe Muclide Chart

Comeals [reda|

1 Introduction

Explanatigﬁ uf the Nuclide Chart

For further information on the Kadsruhe Nuclide Chart, Fth edition, we have extracted
the multilingual "Explanation of the Chad of the Nuchdes™ from the brochure. The
pdfs can be found below for download:

VGeman ey Explanation of the Chart of the Nudides
Erliutorungon zur Nuldidkarie

ishFrenchd? Explicationos do la cans do nucleidos

Explication do la cane des nucliides

Chineze/Russian i & E S EE

NeACHEHAA K TOOAWLES HYXIHGeD

Harisruhe Nuclae Char wallcharl, Tth Edtion
Tedeschi ff Spiegazions della carta dei nuchidi
lozumic? TEF v —poME
Leed? BE(EN =8 4%
talin ALECL @2 Expicatii privind Harta nuclizilor

These documents provide a comprahensive explanation on how 10 use the Kadsrube Muclide Chart.

Addional translations? Are you interested in tranzlating the “Explanation of the Chart of the Nuclidas® into your own language? If so, pleaze
contact: Joseph Magill joseph. magilkEec. suropa.eu)


http://www.karlsruhenuclidechart.net/
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Needs for Nuclear Data (Computer power)

= space exploration, fusion, virus therapy,
Astrophysics, ...
= Nuclear “Renaissance”

Various projects, JEFF(NEA), AIEA
New up-to-date editions (2010)

. ¢ il =7
= @€ &% | New world dynamics
o R 4 = ’ %4 = India, China, Brazil, Argentina, ...
o - -ﬁ:@@ % l New facilities (KATRIN, FAIR, ...)
b i;r W e Internationalization with 11 languages
; R o
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